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ABSTRACT 

Objective: In a previous study, Centaurea aegyptiaca ethanol and ethyl acetate extracts showed potent cytotoxic effects against laryngeal (HEP2) 
and hepatic (HEPG2) carcinoma cell lines. Additionally, two novel compounds were isolated and identified. The aim of this study is to continue 
isolating and identifying another compound (s) that may, also, be responsible for this potent biological activity. 

Methods: C. aegyptiaca dried aerial parts were extracted with ethanol and ethyl acetate. Both extracts were chromatographed separately to afford 
seven guaianolides that were identified using different spectroscopic methods. Moreover, compounds 1-7 were evaluated for their cytotoxicity (IC50, 
µM) against HEP2 and HEPG2 cells in comparison to the normal fibroblasts (BHK) using sulforhodamine B assay. Doxorubicin was used as a positive 
control. 

Results: Seven sesquiterpene lactones, centaurepensin, also known as chlorohyssopifolin A (1), 8α-hydroxy-11α, 13-dihydrozaluzanin C (2), 
chlorohyssopifolin B (3), desacylcynaropicrin (4), chlorohyssopifolin C, acroptilin (5), subluteolide (6), and solstitiolide (7) were isolated from C. 

aegyptiaca extracts and identified. This is the first report on the occurrence of 2, 4, 5 and 6 in C. aegyptiaca. Compounds 1-4 and 6 exhibited 
selective cytotoxic effects against HEP2 and HEPG2 cells. However, compounds 1 and 7 showed the highest activities against HEP2 with IC50 values 
of 10.6±0.02 and 10.9±0.03 µM, respectively. Moreover, compound 3 was the most potent one against HEPG2 cells with IC50 value of 13.8±0.05 µM. 

Conclusions: Chemical investigation of C. aegyptiaca ethanol and ethyl acetate extracts led to the isolation and identification of seven guaianolides. 
These compounds exhibited good cytotoxic activities against HEP2 and HEPG2 cell lines. 
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INTRODUCTION 

Although chlorinated compounds rarely exist in higher plants [1-
3], Centaurea species are considered rich sources of chlorine-
containing compounds [4]. Moreover, they are characterized by 
the presence of sesquiterpene lactones as secondary metabolites 
[5-10], that have provided several biological activities including 
anti-fungal, anti-bacterial, anti-inflammatory and cytotoxic effects 
[5-9, 11-13]. Centaurea aegyptiaca L. (Family Asteraceae) grows 
wild in Sinai, Egypt. Since Centaurea species were documented to 
be rich in the chlorinated compounds, extensive research on the 
chemical profile of C. aegyptiaca was undertaken. In continuation 
to our previous work where two novel bioactive guaianolides; 
cenegyptin A and cenegyptin B were isolated and identified [14], 
we report hereby the isolation, identification and the cytotoxic 
activities evaluation of seven compounds, centaurepensin or 
chlorohyssopifolin A (1), 8α-hydroxy-11α, 13-dihydrozaluzanin C 
(2), chlorohyssopifolin B (3), desacylcynaropicrin (4), 
chlorohyssopifolin C, acroptilin (5), subluteolide (6), and 
solstitiolide (7). Compounds 2, 4, 5 and 6 are reported here for the 
first time from Centaurea aegyptiaca species. Compound 1 existed 
frequently in Centaurea species [15-18]. Compound 2 was isolated 
from Ainsliaea fragrans Champ and Centaurea scoparia Sieb. [19-
20]. Compound 3 was found in Centaurea aegyptiaca and 
Centaurea hyssopifolia Vahl [16, 21]. Compound 4 was reported in 
Centaurea behen L. and Saussurea calcicola [22, 23]. Compound 5 
was isolated from Centaurea hyssopifolia, Centaurea linifolia Vahl 
and Centaurea solstitialis [24-26]. Compound 6 was found in 
Vernonia sublutea and Centaurea solstitialis [26-27]. Compound 7 
was reported in Centaurea aegyptiaca and Centaurea solstitialis 

[21, 26]. The aim of this study was to continue isolating the 
potential components responsible for the cytotoxic activity of 
Centaurea aegyptiaca. 

MATERIALS AND METHODS 

General experimental procedure 

NMR spectra were recorded on a Bruker Avance II 600 MHz NMR 
spectrometer. CD3OD or CDCl3 were used as a solvent. Proton and 
carbon chemical shifts were given in ppm relative to TMS as an 
internal standard. Multiplicity determinations (DEPT) and 2D NMR 
spectra (COSY, HSQC, HMBC) were run using standard Bruker pulse 
programs. Mass Spectrometry analyses were carried out on GCMS-
DFS (Double Focusing Sector). Column chromatography was carried 
out on silica gel 60 (230-400 mesh ASTM, Merck). IR spectra were 
recorded as acetone film using an FT/IR-4100 type A 
Spectrophotometer. TLC analysis was carried out on silica gel 60 F254 
plates (Merck). Compounds were detected via exposure to the short 
wavelength (λmax = 254 nm) UV light and/or spraying the developed 
plates with p-anisaldehyde/H2SO4 spraying reagent followed by 
heating at 105 °C for 1-2 min. 

Plant material 

The plant’s aerial parts were collected during the flowering stages 
(February-March 2008) and were identified by Dr. Abdel-Halim 
Abdel-Mogali of the Department of Flora and Phytotaxonomy 
Research, Horticulture Research Institute (HRI), Agriculture 
Research Center, Cairo, Egypt. A voucher specimen [3994 (CAIM)] 
was deposited at the herbarium of HRI. 

Extraction and isolation  

Ethanol extract 

Plant extraction was carried out by soaking the coarsely ground 
aerial parts of C. aegyptiaca (1009 g) in 10 l of ethanol 96 % 
overnight at room temperature. This process was repeated three 
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times and the filtrates were completely dried in vacuo to give 68.9 g 
of dried ethanol extract. Part of the ethanol extract (12 g) was 
fractionated over Si gel 60 column (1050 g, 54 x 7.5 cm) packed. The 
column was initially eluted with increasing concentrations of 
acetone in toluene starting with 15 % and ending up with 25 %. 
Fractions (150 ml each) were collected and monitored with TLC 
using different solvent systems. Similar fractions were pooled 
together to give 20 fractions (A-T). 

Crystallization of fraction I (126 mg) from methanol and methylene 
chloride afforded 50.8 mg (0.0289 % yield) of a pure compound 1. 

Fraction P (96.3 mg) was chromatographed over a silica gel column 
(10 g, 23 x 1.4 cm) and eluted with 10 % of ether in n-hexane. 
Fractions (2 ml) were collected and monitored with TLC using the 
mobile phase as the solvent system. Further chromatographic 
purification afforded 5.7 mg (0.00032 % yield) of a pure compound 2.  

Another part of the ethanol extract of C. aegyptiaca (12.4 g) was 
chromatographed over a 1000 g silica gel column (54 x 7.5 cm). The 
column was eluted initially with 1 % of methanol in chloroform then 
increasing the polarity up to 20 % of methanol in chloroform. This 
process gave 16 fractions (A-P). 

Fraction K (681 mg) was fractionated over a silica gel column (37 x 
2.8 cm) and eluted initially with chloroform: ethyl acetate 1: 0.6; 
followed by 1: 1, then 1: 2 and finally 1: 3. Similar fractions afforded 
16 sub-fractions (A`-P`). 

Sub-fraction I` (28 mg) underwent fractionation over a silica gel 
column (8 g, 19 x 1.4 cm) and eluted with n-hexane: ethyl acetate 
(1: 1). Fractions (2 ml) were collected and monitored with TLC 
using the mobile phase as a solvent system. Similar fractions 
were pooled together to give 6 sub-sub-fractions (1-6). Further 
chromatographic purification afforded 12 mg (0.0066 % yield) of 
a pure compound 3. 

Sub-fraction J` (25 mg) was fractionated over a silica gel column (8 g, 
19 x 1.4 cm) and eluted with n-hexane: ethyl acetate (1: 1). Fractions 
(2 ml) were collected and monitored with TLC using the mobile 
phase as a solvent system. Similar fractions were pooled together to 
give 6 sub-sub-fractions (1-6). Further chromatographic purification 
afforded 4 mg (0.0022 % yield) of a pure compound 4. 

Ethyl acetate extract 

Dried ground aerial parts of C. aegyptiaca (725 g) were soaked in 10 
l of ethyl acetate overnight at room temperature. The process was 
repeated three times and the filtrates were completely dried in 

vacuo to give 58.5 g of dried ethyl acetate extract. Part of the ethyl 
acetate extract (10.7 g) was fractionated over a silica gel column 
(1000 g, 51 x 7.5 cm). The column was gradually eluted with an 
increasing strength of methanol in chloroform starting with 0.5 % 
and ending up with 5 %. Fractions (200 ml) were collected and 
monitored with TLC using different solvent systems. Similar 
fractions were pooled together to give 21 fractions (A-U). 

Fraction J (790 mg) underwent fractionation over a silica gel column 
(83 g, 39 x 2.7 cm) and eluted with 5 % of acetone in chloroform 
with increasing strength of acetone in chloroform up to 12 %. 
Fractions (25 ml) were collected and monitored with TLC using the 
mobile phase as a solvent system. Similar fractions were pooled 
together to give 25 sub-fractions (a-y).  

Fraction n (38 mg) underwent crystallization using chloroform and 
n-hexane to afford 15.3 mg (0.0115 % yield) of a pure compound 5. 

Fraction I (2.17 g) was fractionated over a silica gel column (211 g, 
38.5 x 4.3 cm) and eluted with 30 % of acetone in n-hexane. 
Fractions (50 ml) were collected and monitored with TLC using the 
mobile phase as the solvent system. Similar fractions were pooled 
together to give 4 sub-fractions (I-IV). Fraction IV (583 mg) 
underwent crystallization using chloroform and n-hexane to obtain 
486 mg (0.366 % yield) of a pure compound 6. 

Fraction III (148.4 mg) was purified over a silica gel column 
chromatography (18 g, 30 x 1.4 cm) and eluted with 10 % of acetone 
in toluene to afford 32.5 mg (0.0245 % yield) of a pure compound 7. 

Compound 1: colorless platelets (MeOH and CH2Cl2); Rf 0.27 (4 % 
MeOH/CH2Cl2); IR (neat) vmax 3464, 1739 cm-1; 1H NMR (MeOD, 600 
MHz) see table 1; 13C NMR (MeOD, 150 MHz) see table 2; EIMS (70 
eV) m/z 435 [M+1]+(24.71). 

Compound 2: colorless thin film; Rf 0.26 (23 % (CH3)2CO/CHCl3); 1H 
NMR (MeOD, 600 MHz) see table 1; 13C NMR (MeOD, 150 MHz) see 
table 2; EIMS (70 eV) m/z 264 [M]+(32.30). 

Compound 3: colorless amorphous powder; Rf 0.13 [CHCl3/toluene/ 
MeOH (5: 5: 1)]; 1H NMR (MeOD, 600 MHz) see table 1; 13C NMR 
(MeOD, 150 MHz) see table 2; DEPT (45, 90, and 135), HSQC, HMBC 
and COSY analyses; GCMS-DFS (70 eV) m/z 315 [M+1]+(6.00). 

Compound 4: colorless amorphous powder; Rf 0.20 [CHCl3/ 
toluene/MeOH (4: 6: 1)]; 1H NMR (MeOD, 600 MHz) see table 1; 13C 
NMR (MeOD, 150 MHz) see table 2; EIMS (70 eV) m/z 262 
[M]+(10.76). 

Compound 5: colorless needles (n-hexane and CHCl3); Rf 0.20 (20 % 
(CH3)2CO/toluene); 1H NMR (CDCl3, 600 MHz) see table 1; 13C NMR 
(CDCl3, 150 MHz) see table 2; EIMS (70 eV) m/z 398 [M]+(7.50). 

Compound 6: colorless prisms (n-hexane and CHCl3); Rf 0.36 (20 % 
(CH3)2CO/toluene); 1H NMR (CDCl3, 600 MHz) see table 1; 13C NMR 
(CDCl3, 150 MHz) see table 2; EIMS (70 eV) m/z 363 [M+1]+(6.78). 

Compound 7: colorless amorphous powder; Rf 0.28 (15 % 
(CH3)2CO/toluene); 1H NMR (CDCl3, 600 MHz) see table 1;13C NMR 
(CDCl3, 150 MHz) see table 2; EIMS (70 eV) m/z 399 [M+1]+(4.23). 

Single crystal X-ray diffraction analysis 

The single crystal data collections for compounds 1 and 6 were made 
on a Bruker X8 Prospector diffractometer using Cu-Ka radiation. The 
data were collected at room temperature (296 K). The reflection 
frames were integrated with the Bruker SAINT Software package 
using a narrow-frame algorithm. The structure was solved and refined 
using the Bruker SHELXTL Software package. The non-hydrogen 
atoms were refined anisotropically. Hydrogen atoms were refined 
using the riding model. Various diffraction parameters are shown in 
table 3. Both crystal structures of compounds 1 and 6 were deposited 
in the Cambridge Crystallographic Data Centre (CCDC) and were given 
the CCDC numbers 1530166 and 1530167, respectively. 

Cytotoxicity evaluation  

The pure isolated compounds 1-7 were evaluated for their cytotoxic 
activity against liver (HEPG) and larynx (HEP2) carcinoma cell lines 
besides the normal fibroblasts cell line (BHK) using 1 mg each. 
HEPG, HEP2, and BHK were obtained from ATCC (American Type 
Culture Collection, VA, USA). The cytotoxic activity was conducted 
using sulforhodamine B (SRB) assay [28]. Cancer cells were plated in 
96-multiwell microtiter plate (104 cells/well) for 24 h before 
treatment with the isolated compounds to allow attachment of the 
cells to the wall of the plate. The isolated compounds were dissolved 
in DMSO and diluted with saline to the appropriate volume. Different 
concentrations of the isolated compounds under test (0, 5, 12.5, 25, 
50 µg/ml) were added to the cell monolayer. Triplicate wells were 
prepared for each individual dose. The cells were incubated for 48 h 
at 37 °C and in an atmosphere of 5 % of CO2.  

After 48 h, the cells were fixed, washed and stained for 30 min with 
0.4 % (w/v) of sulforhodamine B stain dissolved in 1 % of acetic 
acid. Excess stain was washed with 1 % of acetic acid and the 
attached stain was recovered with Tris EDTA buffer. Color intensity 
was measured in an ELISA reader. IC50, the concentration required 
for 50 % inhibition of cell viability against each carcinoma cell line in 
µM, was calculated for the isolated compounds. Doxorubicin was 
used as a standard cytotoxic agent as shown in table 4. 

Statistical analysis 

Results are expressed as the mean±SD of four independent 
experiments performed in triplicates. The statistical significance of the 
differences between the control and treated groups was determined 
by one-way ANOVA followed by Turky Crammer test for post-hoc 
analysis. P values<0.05 were considered statistically significant. 
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RESULTS AND DISCUSSION 

The alcohol and ethyl acetate extracts were subjected to 
phytochemical investigation separately. This led to the isolation of 
seven guaianolides; centaurepensin (chlorohyssopifolin A) (1), 8α-
hydroxy-11α, 13-dihydrozaluzanin C (2), chlorohyssopifolin B (3), 
desacylcynaropicrin (4), chlorohyssopifolin C, also known as 
acroptilin (5), subluteolide (6), and solstitiolide (7). The identities of 
these compounds were established through spectral and X-ray 
crystallographic analyses and were found identical to those 
previously published.  

Compounds 2, 4, 5 and 6 were isolated and identified for the first 
time in Centaurea aegyptiaca. Compounds 1-7 were shown to be 
guaianolide sesquiterpene lactones, however, compounds 1, 3, 5 and 
7 were chlorinated ones. Compound 1 was isolated for the first time 
from Centaurea repens L. [15] and frequently existed in other 
Centaurea species [16-18]. Compound 2 was known to be a 
zaluzanin derivative previously isolated from Ainsliaea fragrans 
Champ [19] and Centaurea scoparia Sieb. [20]. Compound 3 was 

previously isolated from Centaurea aegyptiaca [21] and Centaurea 

hyssopifolia Vahl [16]. Compound 4 was found in Centaurea behen L. 
[22] and Saussurea calcicola [23]. Compound 5 was isolated from 
Centaurea hyssopifolia for the first time [24] and later from 
Centaurea linifolia Vahl [25] and Centaurea solstitialis [26]. 
Compound 6 was isolated from Vernonia sublutea for the first time 
[27] and from Centaurea solstitialis [26]. Compound 7 was reported 
for the first time from Centaurea solstitialis [26], however, it was 
shown that it was isolated previously from Centaurea aegyptiaca 

[21] and given another name; 17, 18-epoxy-19-desoxychlorojanerin. 

Centaurepensin (1) was obtained as colorless platelets. EIMS 
showed the molecular ion [M+1]+ at m/z 435 which agreed with the 
molecular formula C19H24Cl2O7. IR spectrum showed absorption 
bands for hydroxyl group(s) at 3464 cm-1 and for the carbonyl group 
at 1739 cm-1. The identity of the compound was further confirmed 
by 1D (tables 1 and 2) and 2D NMR analyses. These data were 
identical to those previously reported [17, 29, 30]. Additionally, X-
ray diffraction analysis was done as shown in table 3. 

 

Table 1: 1H NMR data for compounds 1-7 

# δH, multiplicity (J in Hz) 

1a 2a 3a 4a 5b 6b 7b 

1 3.63, m 2.92, m 3.40, dddd (7.8, 7.8, 7.8, 3.0) 2.81, m 3.38, m 3.35, m 3.62, m 

2a 1.56, m 1.67, m 1.41, dd (14.4, 7.2) 1.55, m  1.81, m 1.83, m 1.60, dd (8.4, 15.0) 

2b 2.52, m 2.23, m 2.31, ddd (14.7, 11.1,6.6) 1.97, m 2.51, m 2.47, m 2.56, m 

3 4.12, d (6.0) 4.47, dd (7.8, 7.8) 3.93, d (6.0) 4.33, m 3.99, m 4.00, br s 4.19, d (7.2) 

5 2.23, dd (10.4,10.4) 2.92, m 2.05, dd (10.0, 10.0) 2.71, m 2.02, dd (8.1, 11.4) 2.07, dd (8.4, 11.4) 2.34, dd (8.4, 9.0) 

6 4.19, Hidden 4.18, dd (9.6, 9.6) 4.59, dd (10.8, 9.0) 4.02, dd (10.2, 9.0) 4.68, dd (9.0, 1.4) 4.64, dd (9.6, 11.1) 4.73, dd (8.4, 10.5) 

7 3.20, m 2.44, dd (18.6,10.2) 2.61, m 2.71, m 3.09, m 3.08, m 3.15, m 

8 5.20, ddd (1.2, 4.8, 
8.6) 

3.72, m 
 

3.78, m 3.72, ddd (9.2, 4.8, 
4.8) 

5.24, m 5.14, m 5.14, m 

9a 2.73, dd (5.2, 15.2) 2.18, dd (12.3, 8.4) 2.11, d (14.4) 2.09, dd (13.5, 4.8) 2.49, m 2.40, dd (3.6, 
14.4) 

2.41, d (16.2) 

9b 2.45, d (15.2) 2.72, dd (12.6, 4.2) 2.52, dd (14.4, 5.4) 2.52, dd (14.1, 4.8) 2.75, dd (5.4, 15.0) 2.73, dd (5.1, 14.4) 2.64, dd (6.0, 14.7) 

11  2.80, dd (15.0, 7.8)      

13a 5.72, d (2.8) 1.28, d (7.8) 5.95, dd (3.0, 0.6) 5.95, m 5.57, d (3.0) 5.58, d (3.0) 5.60, d (3.0) 

13b 6.14, d (3.2)  5.99, dd (3.2, 1.2) 6.00, m 6.24, d (3.6) 6.24, d (3.6) 6.24, d (3.0) 

14a 4.99, d (2.0) 5.00, s 4.73, d (1.8) 4.82, d (1.8) 5.11, br s 4.99, s 4.87, d (1.2) 

14b 5.14, d (2.0) 5.05, s 4.91, d (2.4) 4.93, d (1.2) 5.21, br s 5.21, s 5.18, br s 

15a 3.85, d (12.0) 5.29, s 3.67, d (11.4) 5.15, m 3.07, d (4.2) 3.08, d (4.8) 3.97, d (12.0) 

15b 4.21, d (11.6) 5.34, s 4.01, d (12.0) 5.25, br s 3.34, d (4.2) 3.33, d (4.2) 4.34, d (12.0) 

18a 3.73, d (11.2)    3.65, d (10.8) 2.83, d (5.4) 2.84, d (6.0) 

18b 3.91, d (11.2)    3.88, d (11.4) 3.18, d (6.0) 3.19, d (6.0) 

19 1.55, s    1.55, br s 1.63, s 1.64, s 

OH-3 4.90, s 4.87, s 4.70, s 4.70, s 3.55, s   

OH-4   3.16, s     

OH-8  3.32, s  3.16, s    

aData were obtained in methanol-d4. bData were obtained in CDCl3. 

 

Table 2: 13C NMR data for compounds 1-7 

C# δC, (multiplicity)c 

1a 2a 3a 4a 5b 6b 7b 

1 49.2, d 44.2, d 49.0, d 46.1, d 46.4, d 45.7, d 47.1, d 
2 40.1, t 39.3, t 40.1, t 40.2, t 38.2, t 37.6, t 37.8, t 
3 76.9, d 74.1, d 77.2, d 74.3, d 76.6, d 76.3, d 76.8, d 
4 85.9, s 154.4, s 86.0, s 154.4, s 68.4, s 68.2, s 84.5, s 
5 59.6, d 50.3, d 59.9, d 52.0, d 54.0, d 53.8, d 57.5, d 
6 78.4, d 81.2, d 79.1, d 81.0, d 76.9, d 76.7, d 76.2, d 
7 47.5, d 54.3, d 50.7, d 51.8, d 48.1, d 48.0, d 46.5, d 
8 76.6, d 70.9, d 72.7, d 73.2, d 76.1, d 75.1, d 75.0, d 
9 35.5, t 46.2, t 40.1, t 43.0, t 35.8, t 36.2, t 34.9, t 
10 144.8, s 145.6, s 145.3, s 144.8, s 141.3, s 140.9, s 141.6, s 
11 139.3, s 39.8, d 140.5, s 140.7, s 137.5, s 137.1, s 136.9, s 
12 170.8, s 182.1, s 171.7, s 172.2, s 168.7, s 168.8, s 168.5, s 
13 122.4, t 11.4, q 122.7, t 123.1, t 122.4, t 122.4, t 122.5, t 
14 118.0, t 115.6, t 117.0, t 117.2, t 119.4, t 118.9, t 118.3, t 
15 50.1, t 111.4, t 50.3, t 112.3, t 48.8, t 48.5, t 49.9, t 
16 173.9, s    173.3, s 169.9, s 169.9, s 
17 76.0, s    75.0, s 53.2, s 53.8, s 
18 51.8, t    51.4, t 52.8, t 52.8, t 
19 24.2 q    23.7 q 17.4 q 17.4 q 

aData were obtained in methanol-d4. bData were obtained in CDCl3, cCarbon Multiplicities were determined by DEPT experiments 
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8α-hydroxy-11α, 13-dihydrozaluzanin C (2) was purified as a thin 
colorless film. It showed a molecular formula of C15H20O4 that was 
consistent with a molecular ion shown in EIMS at m/z 264. 
Comparing its NMR data presented in tables 1 and 2 with literature 
values [23, 31], confirmed its identity. 

Chlorohyssopifolin B (3) was isolated as a colorless amorphous 
powder and showed a molecular ion peak at m/z 315 [M+1]+ which 
agreed with the molecular formula C15H19O5Cl. The structure of 3 
derived from the 1H and 13C NMR data shown in tables 1 and 2 was 
similar to that of 1 except for the C-8 methine signal that was shown 
slightly more up field, and the C-7 methine and C-9 methylene 
signals that were shifted slightly downfield in 3. 13C and 1H NMR 
data were almost identical to the literature values [32]. 

Desacylcynaropicrin (4) was obtained as a colorless amorphous 
powder. Mass spectral analysis showed a molecular ion at m/z 262 
which agreed with the molecular formula C15H18O4. The structure of 
4 followed from 1H and 13C NMR data shown in tables 1 and 2 was 
similar to that of 2 except for C-13, and C-11 signals which showed 
downfield shifts in 4. The spectral data of 4 were in accordance with 
the reported values [23]. 

Chlorohyssopifolin C (acroptilin, 5) was obtained as colorless 
needles. It showed a molecular formula of C19H23ClO7 as indicated 
from the presence of a molecular ion [M]+ at m/z 398. 1H and13C 
NMR data presented in tables 1 and 2 were almost identical to 
literature values [24, 26]. 

Subluteolide (6) was purified as colorless prisms. EIMS data showed 
a molecular ion [M+1]+ at m/z 363 which was consistent with the 
molecular formula C19H22O7. The compound was identified by means 
of 1D (tables 1 and 2) and 2D NMR analyses and X-ray diffraction as 
shown in table 3. 

Solstitiolide (7) was obtained as a colorless amorphous powder. It was 
shown to possess a molecular weight of 399 which was in agreement 
with the molecular formula C19H23ClO7. The spectral data of 7 as shown 
in tables 1 and 2 were in accordance with the reported ones [26]. 

Single crystals of compounds 1 and 6, suitable for X-ray diffraction 
technique, were grown by the solvent evaporation method. Data 
collection and structure refinement strategies of these crystals were 
described in the experimental section. Table 3 gives a description of the 
physical nature, experimental setup and crystal data of compounds 1 
and 6. The crystal structures of 1 and 6 obtained from diffraction 
analysis are depicted in fig. 1 and 2, respectively. The polycyclic 
structures generated from X-ray diffraction was in perfect agreement 
with other characterization techniques of these compounds like NMR 
and mass spectra. Both compounds 1 and 6 were shown to be chiral as 
revealed from the crystal structures. In the case of compound 1, C2 (S), 
C3 (S), C5 (R), C9 (S), C10 (R), C11 (S), C12 (S), C17 (S) were shown to be 
chiral carbon atoms. The numbering system of these carbons is shown in 
fig.1 and it’s different from the one used in the NMR assignment. The 
chiral carbon atoms of compound 6 were C1 (S), C2 (S), C5 (R) C6 (S), C9 
(R), C10 (R), C12 (S) and C16 (R). The numbering system of these 
carbons is shown in fig. 2 and it’s different from the one used in the NMR 
assignment. 

 

Table 3: Summary on the crystals nature and various diffraction parameters of 1 and 6 

Compound 1 6 

Crystal Dimension/mm 0.35 x 0.22 x 0.03 0.20 x 0.25 x 0.25 
Crystal Color, Habit Colorless, Platelet Colorless, Block 
Formula weight C19 H24 Cl2 O7 C19 H22 O7 
Crystal system Monoclinic Monoclinic 
Space group P 1 21 1 P 1 21 1 
T/K 296 296 
a/Å 10.3539(15) 9.6076(3) 
b//Å 9.1963(13) 9.9919(3) 
c/Å 11.3512(17) 10.4205(3) 
α/ ° 90 90 
β/ ° 112.247(6) 114.9190(10) 
γ/ ° 90 90 
V/Å3 1000.4(3) 907.22(5) 
Z 2 2 
µ (mm-1) 3.265 0.849 
ρcalcd/g cm-3 1.445 1.327 
θmax/deg 66.86 66.83 
Reflections collected 5926 7336 
Unique reflections 2898 2949 
Rint 0.0418 0.0734 
R (I>2σ) 0.0339 0.0393 
R (all data) 0.0340 0.0395 
Rw(all data) 0.0911 0.1207 
∆ ρmaxe Å-3 0.245 0.194 

 

 

Fig. 1: Crystal structure of compound 1 (1a-thermal ellipsoid and 1b-ball and stick representation). Color code: red-oxygen; green-

chlorine; gray-carbon and black-hydrogen 
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Fig. 2: Crystal structure of compound 6 (6a-thermal ellipsoid and 6b-ball and stick representation). Color code: red-oxygen; grey-carbon 

and black-hydrogen 
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The isolated compounds 1-7 were evaluated for their cytotoxic 
activities against HEPG2, HEP2 and BHK cell lines. Compounds 1-4 
and 6 exhibited selective cytotoxic effects against HEP2 and HEPG2. 
However, compounds 1 and 7 showed the highest activities against 
HEP2 with IC50 values of 10.6±0.02 and 10.9±0.03 µM, respectively. 

Moreover, compound 3 was the most potent agent against HEPG2 
cells with IC50 value of 13.8±0.05 µM. 

Compounds 2 and 4-6 showed varied cytotoxic activities against 
both HEPG2 and HEP2 cell lines. IC50 values are shown in table 4. 

 

Table 4: IC50 of compounds 1-7 

IC50 (µM)±SD Cell Line 

7 6 5 4  3  2 1 Doxorubicina 

10.9±0.03 12.0±0.02 25.1±0.06 105.0±0.02 33.8±0.02 87.1±0.04 10.6±0.02 8.0±0.03 HEP2 
30.2±0.03 30.4±0.04  25.1±0.02  22.6±0.05 13.8±0.05 87.1±0.04 23.0±0.03 8.5±0.03 HEPG2 
45.7±0.04 NA 77.1±0.03 NA NA NA NAb 48.8±0.04 BHK 

aDoxorubicin was used as a positive control, bNA: Not Active. Compounds were tested at the concentration of 50 µg/ml, and were inactive. 

 

CONCLUSION 

Phytochemical investigation on Centaurea aegyptiaca ethanol and 
ethyl acetate extracts led to the isolation and identification of seven 
guaianolide sesquiterpene lactones, four of which are chlorinated 
compounds. Moreover, these compounds may be responsible for the 
cytotoxic activities shown by Centaurea aegyptiaca extract against 
hepatic and laryngeal carcinoma cell lines.  
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